Application of indoleacetic acid (IAA) and other auxins causes cultured radish (Raphanus sativus L. 'Scarlet Globe') seedling root segments to produce an increased frequency (FR, no. cm ') of lateral roots (LR); in the absence of auxin, segments spontaneously form about 6 LR cm-'. A dose-response study has revealed that the increase in FR follows a biphasic Michaelis-Menten relationship with the medium concentration of the undissociated form of IAA ([IAAH] 
timeter and 11 micromolar, respectively. The response is variable in the transition concentration region between the two phases; in that region (but not, or much less commonly, at higher or lower [IAAHJ,) , LR initiation may resume or continue after the first day. At LR1 formation is a major aspect of plant morphogenesis. It is subject to experimental control by hormone application and, in particular, is stimulated by auxins. Building on much earlier work using pea roots (15, 20, 21) , we developed the radish seedling root system (5) to study quantitative aspects of LR formation. Root initiation is perhaps the most dramatic and characteristic action resulting from auxin application. The radish system appears suitable for studying the first steps in auxin action, which remain very poorly understood in spite of much work using other systems (e.g. auxin-stimulated cell expansion). Thus (8, 13, 24 
MATERIALS AND METHODS
Radish (Raphanus sativus L. 'Scarlet Globe') seeds were germinated in the dark at 24°C. After 3 d, root segments were excised between 0.5 and 3 cm behind the tip. Four segments were inoculated into 25 ml of medium contained in 125 ml Erlenmeyer flasks. Three or more replicate flasks were used for each treatment. The culture medium consisted of MurashigeSkoog salts (14) , 88 mm sucrose, and 10 mm Mes and/or 10 mM succinic acid. Mes was used to buffer pH in the range 5.5 to 6.5, while succinic acid was used for the range 4 to 5.5; both were added to the medium when the pH was cm. There was little or no effect of pHm over the range of 4 to 6.4 (Fig. 1) . In the absence of exogenous auxin (but not in its presence), there was a tendency for the LRP to occur in higher frequency at the acropetal ends of the segments and in lower frequency at the basipetal ends (Fig. 2) We refer to these four distinct regions of the dose-response curve as phase I, the transition region, phase II, and the region of hyperstimulation. They are described in more detail below.
Phase I and Phase II. A Michaelis-Menten hyperbolic curve was fitted to the data points for treatments in which [IAAH],,, fell in the range between 0 and 300 nm. The result is shown in the upper part of Figure 4 . As seen from the data shown on the graph, C,12 was determined to be 21 nm, and the limiting phase I FR to be 5.2 above the spontaneous FR. Likewise, a hyperbolic curve was fitted to data for treatments in which [IAAHIm fell in the range between 3 and 20 ,.M (Fig. 4, (Fig. 5) . The bimodality is due primarily to 'late-formers' rather than 'laggards' in development, as shown by time course studies (3; Fig. 6 Figure 6 , there was clearly a re- [IAAHIm (10-8 M) were higher than in medium with no auxin.
Therefore, it can be concluded that LRP development is stimulated by low levels of auxin. However, stages declined at higher auxin levels, in close correlation with increases in FR (cf. Fig.  3 ). Dose-Response to NAA and IBA. We have gathered dose-response data for the synthetic auxins NAA and IBA. As with IAA, the responses to IBA and NAA were found to be best correlated with medium concentrations of their protonated forms. In Figure 10 (9, 11, 18) . We believe that the 2-d data are a clearer reflection of the LR initiating events; considering the close correlations seen in Figure 4, (17) .
It appears that IAA in the medium is quite stable during a culture period, based on the response of roots to aged or reused medium (data not shown). We have no data on metabolism of IAA in the roots. However, if IAA is metabolized in the roots, it would most likely be quickly replaced by IAA from the vast reservoir in the medium. The ratio of medium volume to total root volume is over 1000 (20 mg of root in 25 ml of medium); the distance between the medium interface at the root surface and the pericycle is only about 170 ,um (5) .
Dose-Response Curves and the ARLR. There has been much discussion in the literature of dose-response curves for plant hormones (12, 16, 22, 23) . The response to a plant hormone has often been found to increase over several decades of log hormone concentration, rather than only over the 2 decades expected for a response based on a simple case of ligand-receptor binding. Even at the level of gene transcription (auxin-specific stimulation of mRNA accumulation), it has been found that the response may increase over several decades (10) . Often, extended doseresponse curves may be described by a multiphasic isotherm; the transition from one phase to another has been suggested to be related to a conformational change in the receptor (16 (13) .
Plant tissues can be expected to contain a variety of proteins with specific auxin-binding capability: perhaps more than one type of 'true' hormone receptor; auxin uptake and efflux carriers, with roles in auxin transport (9, 11, 18) ; possibly plasma membrane ATPases (18) ; enzymes involved with auxin metabolism; as well as proteins unlikely to be involved with any auxin function (13, 18) . Thus, it will be essential to have a distinctive receptor signature to look for when carrying out binding studies with radio-labeled auxin. The findings presented here, along with additional biological characterization of the response to auxin, may help point the way to an ARLR and associated transduction mechanisms. 
